Objective: Hospital incident reporting is widely used but has had limited effectiveness for improving patient safety nationally. We describe the process of establishing a multi-institutional safety event reporting system.
I
ncident reporting is widely used in US hospitals but has had limited effectiveness for improving patient safety at a national level. A potentially punitive or regulatory approach to medical errors 1 and fear of legal consequences have limited sharing experiences among hospitals. Furthermore, rare events are too infrequent to be aggregated at a single institution in a manner that is conducive to improvement. Failure to disseminate this safety information among institutions is a wasted opportunity for shared learning and systems improvements to prevent future errors.
The Pediatric Emergency Care Applied Research Network (PECARN) was established in 2001 to overcome the barriers to effective research in pediatric emergency medicine, including rare outcomes and the need to pool data from multiple institutions. Within PECARN, we created an infrastructure for confidentially sharing and analyzing incident reports (IRs) from its participant hospitals to identify important emergency department (ED) safety events and permit dissemination of lessons that might be learned from analyses of those events. The purposes of this article were to describe the process we used to establish this incident reporting mechanism and to describe our preliminary results to facilitate future efforts at improving patient safety.
METHODS

Establishing the Reporting Mechanism
In 2006, PECARN began a phased approach to studying patient safety events. As a part of this phased approach, we undertook a survey of current ED characteristics and safety practices and determined the logistics involved in the sharing of deidentified IRs through the PECARN data coordinating center. The results of the survey were previously published and showed large variability among PECARN hospitals in ED characteristics believed to be associated with patient safety. 2 The sharing of confidential IRs raised 2 areas of concerns from site investigators. First, some investigators worried that individual sites or clinicians might be identified during analysis and reporting. Second, sharing IRs outside an institution could make the incidents discoverable by attorneys seeking legal redress for patient injury. Peer review statutes may not protect hospitals if they share data outside the hospital corporation, depending on variable state laws.
Several safeguards were implemented to address the first concern about identifying sites or individuals. First, sites deidentify all IRs before electronic transfer to the data center. Second, the study coordinator reviews the IRs on receipt and ensures that the submitting site has completely deidentified each submission. Third, the data center assigns each site a unique identifier, which is shared only with that site. www.pec-online.com information becomes known inadvertently and all sites have been offered a business associate agreement with the data coordinating center to protect them as covered entities.
To address the concern about safety events becoming discoverable, legal counsel at the University of Utah performed an analysis of relevant state laws concerning peer review discoverability. The results of this analysis indicated that most states in which PECARN sites were located had some form of protection when sharing peer review data for the purposes of attempting to improve care. Two states had no specific language protecting health care institutions when sharing peer review data.
Because of the sensitive nature of IRs and the potential legal ramifications, we then asked sites to approach their risk management departments and/or their hospital boards of directors to obtain approval to conduct the study. The purpose of approaching the risk management department or the hospital board was to have the appropriate hospital entity declare the IR study an official peer review activity aimed at improving patient safety. Based on the aforementioned legal analysis, we believed that this would provide an extra level of protection against discoverability.
Finally, we approached the institutional review boards (IRBs) of each site after obtaining risk management/board of directors' approval. In some sites, additional review by public relations departments was requested by the IRB or risk management.
Data Elements
The investigators convened a working group of 6 pediatric emergency physicians to review the medical literature and the format of IRs used in the individual PECARN hospitals. In a series of face-to-face and teleconference meetings, existing taxonomies and classification methods were reviewed.
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Themes and commonalities were identified, and participants used consensus to attempt to create a classification scheme, which was comprehensive yet parsimonious and was applicable specifically to the practice of pediatric emergency medicine. We consulted an expert in safety taxonomy, Dr Donna Woods. 3 The resulting classification scheme includes the following components: type of error (Table 1) , severity of harm to the patient (Table 2) , primary service involved, and contributing factors (Table 3) . Based on a run-in period reviewing 1 month of PECARN IRs, the investigators developed written standardized procedures for classifying safety events and created a comprehensive manual of operations. In addition, narrative descriptions of events are used in a qualitative manner to identify common themes, such as recurrent system failures.
Data Management and Analysis
Data are deidentified and submitted monthly to the data center by each site. Monthly ED census is submitted to allow calculation of IR reporting rates. Incident reports are submitted in the native format for each hospital (eg, paper, spreadsheet). The study coordinator assigns unique site and IR identifiers and posts the IRs to a virtual workspace platform called eRoom (Documentum eRoom Version 7, EMC Corporation, Hopkinton, MA). The study statistician randomly assigns IRs for independent review by 2 of the 6 clinical site investigators. Investigators record the results of their IR reviews in a secure database created by the data coordinating center. Each IR is classified according to incident type and severity score. All services primarily involved and all contributing factors are noted for each IR. Reviewers are also asked to indicate whether contributing factors were clearly identified on the IR. Data with conflicting results by the independent reviewers are reviewed by the 2 lead investigators (J.M.C. and K.N.S.) to achieve consensus. The study team meets regularly by phone and 3 times annually in person to discuss reviewer conflicts and study results.
Incident reports are excluded during classification if an event occurred while the patient was not in the ED or while in the care of ED staff (eg, prehospital or inpatient events), if an event occurred to a staff member, or if an event occurred to a patient 18 years or older. Excluded IRs are not analyzed for incident type, severity score, primary service involved, or contributing factors but are included for measuring rates of reporting.
Data collection has been ongoing since July 2007. We focus this article on an overview of results from the July 2007 to June 2008.
Data are analyzed using SAS/STAT software (version 9, SAS Institute Inc, Cary, NC).
Incident report rates are calculated by dividing the number of IRs submitted each month by the ED monthly patient census and are expressed in IRs per 1000 patients. Descriptive statistics are used for most results. We tested for an increasing or decreasing trend in rates of reporting over time for the study overall and for each site separately, using Cochran-Armitage tests.
RESULTS
All 22 PECARN site investigators agreed to seek approval for the IR study. Nineteen (86.4%) received approval from their hospitals and IRBs to submit IR data, and 18 sites submitted data in the first year. Two hospitals with the same IRB did not receive approval. One hospital is located in a state that does not have specific legislation protecting hospitals that share peer review data and therefore declined participation. Of the 18 participating sites, 12 are in freestanding children's hospitals, and all have pediatric intensive care units. Median annual ED volume was 46,000 (range, 13,000Y94,000), with a median admission rate of 12% (range, 6%Y23%).
Site investigators received individualized, blinded reports on timeliness and completeness of data and site-specific monthly incident reporting rates compared with reporting rates overall. Blinding among site investigators was maintained throughout the study. In 3 instances, however, members of the investigative team inadvertently revealed their site identities during the review process.
There were 3106 IRs submitted during the 1-year study period. Overall incident reporting rates varied 50-fold among sites from 0.12 to 6.13 per 1000 patients (Fig. 1) The overall rate of event reporting, considered an important indicator of safety awareness, increased during the study period (Fig. 2 , P G 0.0001, Cochran-Armitage test for trend). Rates increased in 8 of 18 sites, remained unchanged in 9 sites, and decreased in 1 site. A total of 200 IRs (6.4%) were excluded from further analysis during the review process ( Table 1 ). The most common incidents reported are laboratory errors, medication errors, and process variances (eg, delays in care). In 79% of the analyzed IRs, we were able to determine the severity of the incident, and in 82%, we were able to determine contributing factors. However, contributing factors were clearly identified in only 44%; in the remainder, investigators had to extrapolate contributing factors. Severity ratings of IRs are depicted in Table 2 and contributing factors in Table 3 . Only 456 events (15.7%) were associated with harm to the patient. The most common contributing factor was human (67.8%), of which 59% were caused by lack of adherence to an established procedure.
DISCUSSION
This is the first US study to report the results of a multiinstitutional study of confidential patient safety IRs occurring in the ED. Despite numerous legal and political challenges, we have successfully established a system for sharing IRs from 19 of the 22 participating hospitals in PECARN. More than 3000 IRs were received in the first year. This IR system demonstrates that it is possible to create an infrastructure that allows confidential collection, transmission, and analysis of IRs from multiple institutions.
Safety researchers in Australia established a system similar to ours for studying safety events related to anesthesia and have reported their findings. 9Y11 Bond et al 12Y14 have studied medication error rates from surveys of more than 1000 hospitals participating in the National Clinical Pharmacy Services Survey, but individual IRs are not shared or analyzed centrally. Linden et al 15 reported results related specifically to blood transfusions from a state-mandated adverse event reporting system in New York, but this does not include other types of safety events.
Incident reporting rates varied more than 50-fold among participating centers in our study. Because of the voluntary nature of incident reporting, it is not possible to ascertain whether sites with higher number of reports have a more mature reporting system or whether they actually have more safety events. We believe the former is likely, based on a review of the literature 16Y18 and several observations. Reporting rates increased overall during the study as we focused on safety in the network. Shaw et al 19 noted increased reporting of near-miss events by 44% after instituting safety walk rounds, suggesting increased attention to potential events that did not reach patients. Similarly, Harris et al 20 demonstrated increased IR rates in intensive care units by focusing on safety and making the reporting easier for clinicians. High-reliability organizations such as nuclear power and the airline industry are structured to reward employees to discover potential errors and thereby to improve systems. 21 Thus, improved attention to safety, with detection and incident reporting of errors and near misses 22 is seen as desirable, 23 and high-reliability organizations have higher rates of reporting. 24 Previous pediatric ED studies have been performed at a single institution. 19, 25, 26 The ability to share safety data among network hospitals offers the ability to study rare events and to collectively learn from each other's experiences. In addition, demonstrating the ability of a network of investigators to share patient safety data may help move the health care industry toward the ideal of a completely transparent system like the airline industry. The formation of patient safety organizations 27 is an attempt by federal legislators to protect work product associated with improving patient safety. However, it seems that patient safety organizations will be severely restricted in publishing and sharing the results of their safety analyses (Diane Cousins and Lawrence Patton, personal communication, May 2009), 27 which is at odds with the goals of transparency and shared learning.
This study has several limitations. First, it is important to note that IR systems are inherently voluntary and, therefore, true rates of safety events cannot be calculated using this methodology. Safety events are grossly underreported through voluntary IR systems, 28Y31 and the willingness to report may be influenced by whether an event occurred within one's scope of practice, the underlying culture of the institution, and the severity of harm.
32Y34 However, the qualitative nature of the IR review and the experience in other industries suggests that careful review of even a single incident can provide valuable lessons to prevent future safety events. Second, the analysis of written IRs is dependent on the data entered by the person who submitted the IR. Thus, some contributing human factors, such as distraction and fatigue, may be less likely to be discovered using our methodology than by other techniques, such as interviews with staff experiencing a safety event. This makes it difficult to determine the impact of some latent errors such as understaffing or overcrowding. We found very little information regarding resolution of cases. Hospital risk managers may be less willing to share information about apparent cause and resolution than simple factual information about cases. Alternatively, it is possible that the IR systems are used primarily for identification of cases and are not used to document causality and resulting improvements. Finally, we found few events of major severity (ie, death or permanent injury). It is likely that these events are very rare and may be reported through other mechanisms.
CONCLUSIONS
We have successfully established a robust infrastructure for the confidential sharing of safety events reported through hospital incident reporting systems from 19 hospitals participating in PECARN. Perceived legal barriers have been addressed through careful legal analysis. The most common reported events relate to errors in coordination between the ED and laboratory, medication errors, and process variance such as delays in care. We believe that this system will enable meaningful analyses to be shared among hospitals to improve patient safety in the pediatric ED setting.
